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Klebsiella pneumoniae have an ability to form biofilm as one of strategies to persist and overcome host defenses.
The study aims to evaluate the effectiveness of rosemary essential oil alone and in combination with some
antibiotics against biofilm of K. pneumoniae isolated from urine. The antibiotics resistance pattern by disc diffusion
method and minimal inhibitory concentration (MIC) of gentamicin, ciprofloxacin, amoxicillin, trimethoprim/ sulfame-
thoxazole, cefotoxime and rosemary essential oil were determined. The ability to form biofilm as well as inhibition
of biofilm formation of K. pneumoniae was performed. MICs 128, 0.25, 768, 64, 384 and 10* ug/ml were used. The
effect of MIC and 1/2 MIC of antibiotics and rosemary essential oil that used alone and in combinations found
significant differences (P < 0.05) in biofilm reduction percentage of all isolates in comparison to control. In
conclusion, the combination of antibiotics with rosemary essential oil effect negatively on biofilm of K. pneumoniae.
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INTRODUCTION

Klebsiella pneumoniae is one of the most important
pathogens causing opportunistic infections, such as
pneumonia, sepsis, and inflammation of the urinary tract
[1]. The important virulence factors and strategies that
playing a role in the severity of K. pneumoniae infections
are capsular polysaccharides, type 1 and type 3 pili, factors
involved in aggregative adhesions, siderophores [2] and
biofilm, more than 60 % of infections and up to 80 % of
chronic infections have bacteria grown in biofilms [3].

Several factors required for biofilm formation have been
identified in K. pneumoniae clinical isolates from the
gastrointestinal tract, pneumonia and urinary tract infections
(UTIs) [4]. Type 1 and type 3 pili have a role in mediating K.
pneumoniae colonization which able bacteria to attach the
uroepithelial surface and cause urinary tract infections [5].
Microorganisms growing in a biofilm are highly resistant to
antimicrobial agents by one or more mechanisms. The
development of biofilms by pathogenic bacteria is believed
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to play an important role in evade of host defense
mechanisms, communication between bacterial cells and
protection against antibiotic action [6].Various antibiotics
have been used to treat infections caused by K.
pneumoniae but appearance of resistant strains to comme-
rcial antibiotics lead to difficult treatment of infections [7].
Aminoglycosides and fluoroquinolones have been widely
used as antibacterial against members of enterobacteri-
aceae family. Antibiotics might kill the planktonic bacteria in
vivo but fail to eliminate bacterial cells aggregate in a
biofilm [8]. Also, the subinhibitory of minimum inhibitory
concentrations (sub-MICs) of certain antibiotics can alter
the morphology and virulence of bacterial species [9].
Rosemarinus officinalis essential oil is an important for
medicinal treatment and its powerful as antibacterial,
cytotoxic, antimutagenic and antioxidant properties.
Characteristic of essential oils and their components is their
hydrophobicity, which enables them to partition the
lipids of the bacterial cell membrane and mitochondria,
disturbing the cell structures and rendering them more
permeable [10].

Combination therapy may play a crucial role in eradicating
resistant K. pneumoniae that can broaden the spectrum of
antibacterial activity, minimize the emergence of resistant
bacteria and can result in synergic interaction [11]. In
current study, we tried to evaluate the effectiveness of
rosemary essential oil alone and in combination with some
antibiotics against biofilm of K. pneumoniae isolated from
urine.

MATERIALS and METHODS

Bacterial isolates

Fourteen isolates of K. pneumoniae were obtained from Al-
Yarmok hospital, Baghdad, Irag. The isolates were isolated
from urine and grown on MacCongy agar at 37°C then
identified using API-20E test kit (Bio-Mereix, France) in
central health laboratory in Baghdad, Iraq according to the
manufacture instructions.

Preparation of Essential Oil of R. officinalis

The air dried leaves (250 gm) of R. officinalis were used for
isolation of essential oil by cleavenger hydrodistillation
method. The distilled water (1.2 L) was added to dried
material then boiled for 3 h, the essential oil was kept at
4°C until use [12].

Antimicrobial sensitivity disc test

The antibiotics resistance pattern in K. pneumoniae isolates
was detected by disc diffusion method on Mueller-Hinton
agar (Himedia, India) using ceftriaxone (30 mg), cefotaxime
(10 mg), cefodiziime (30 mg), cephalexin (30 mg) ampicillin
(10 mg), aztreonam (30 mg), cefepime (30 mg), imipenem
(10 mg), pipracillin (100 mg).

Determination of minimal

concentration (MIC)

The MIC values for different antibiotics and Rosemary E.O
were determined by broth microdilution method in 96 well
microtiter plate according to the clinical and laboratory
standard institute [13].

inhibitory

Gentamicin (40 mg/ml), ciprofloxacin (500 mg dissolved in
0.1N HCI), amoxicillin (500 mg dissolved in distilled water),
trimethoprim/sulfamethoxazole (80 mg dissolved in 0.1N
HCI), cefotoxime (1000 mg dissolved in distilled water) and
essential oil (10° pg/ml dissolving in dimethyl sulfoxide,
DMSO) were used to prepared two fold serial dilutions with
nutrient broth (Himedia, India) in a final concentration
ranging from 256-2, 16-0.125, 2048-16, 512-16 and 2x10*
156 pg/ml respectively for antibiotics and essential oil.

The bacterial inoculums was added at final concentration
10° cell/ml , bacteria and media control were prepared. The
results were registered after incubation at 37°C for 18 h by
determining MIC (the lowest concentration of antibiotics
and E.O that prevents growth of the microorganism). MIC
was calculated by take the absorbance of the tested wells
that did not exceed the value of the absorbance media
control [14].

Biofilm formation assay

Biofilm was carried out in microtitere plate as described by
ElFartas-Aissani et al. [15] with some modification. Briefly,
K. pneumoniae isolates were grown in nutrient broth over
night at 37°C. 200 pl of bacterial suspensions (O.Ds40 0.64=
108 cell/ml) were transported to each well in triplicate and
incubated 24 h at 37°C and negative control prepared from
media only. The media was removed and washed three
times with phosphate buffer saline then 200 pl of crystal
violate (0.1% wi/v) added to the wells for 15 min at room
temperature. Crystal violate was removed and washed
three times with distilled water 200 ul of absolute ethanol
(96%) (Merk, Germany) used to dissolve the crystal violate
inside the cells and the absorbance was measured by an
ELISA reader. Comparing the optical density (OD) of biofilm
to the control and according to the reading the isolates
were classified as follows: OD < OD¢ no biofilm producer,
OD:<OD =< 2 xOD. weak biofilm, 2 xOD.<O.D < 4 xOD.
moderate and 4 xOD.<OD strong biofilm.

Biofilm inhibition assay

The antibiofilm activity of used antibiotics and Rosemary
E.O were tested on isolates of K. pneumoniae using 96 well
microtiter plate as described by Selim et al. (2014) with
modifications. Biofilm formation was achieved by adding
100 pl of bacterial suspension (108cell/ml) then incubated at
37 °C for 24 h. The MIC and 1/2 MIC of antibiotics and
Rosemary E.O were added to the wells alone and in
combination. The medium without antibiotic or extract was
used as control and the plate was incubated further at 37
°C for 24 h. Following incubation, the crystal violet assay
was performed as mentioned above. The reduction
percentage in biofilm formation was measured using the
formula [16]:

Control OD — TestSample 0D

Cortro] O 100

% Reducton=

Statistical analysis

Results were analysed statistically by using ANOVA one
way to compare means of MIC for antibiotic used and also
for comparison between reduction percentage in biofilm
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due to used combinations of different antibiotics used and
rosemary essential oil while Student’s t-test was used for
comparing between MIC and 1/2 MIC used alone and in
combination. Differences were considered statistically
significant if P-values were less than 0.05. All data were
analyzed using the SPSS IBM version 20

RESULTS

The resistance parterres for 14 isolates of K. pneumoniae
were determined for nine antibiotics using disc diffusion

method (Table 1). After, the MICs of different antibiotics
used and rosemary essential oil against K. pneumoniae
were examined by broth microdilution method. The mean of
MIC values were 128, 0.25, 768, 64, 384 and 10* ug/ml for
gentamicin, ciprofloxacin, amoxicillin, trimethoprim/ sulfam-
ethoxazole, cefotoxime and rosemary essential oil. Accor-
ding to the results, all K. pneumoniae isolates have ability
to produce biofilm (100%) and classified as 5 (36%) isola-
tes were strong biofilm producer and 9 (64%) isolates were
moderate biofilm producers.

Table 1. Antibiotic resistance patterns of K. pneumoniae isolates. AM, ampicillin; ATM, aztreonam; CDZ, cefodiziime; CRO, ceftriaxone;
CTX, cefotaxime; CL, cephalexin; FEP, cefepime; IPE, imipenem; PRL, pipracillin.

Isolates No. Antibiotics resistance patterns

K1 ATM FEP PRL IPE Am CRO CTX CDz -
K2 ATM FEP PRL IPE Am CRO CTX CDz CL
K3 ATM FEP PRL IPE Am CRO CTX - CL
K4 ATM - PRL - Am - - CDz -
K5 ATM FEP PRL IPE Am CRO CTX CDz CL
K6 ATM FEP PRL - Am CRO CTX CDZ -
K7 ATM FEP PRL - Am CRO CTX CDZ CL
K8 ATM FEP PRL - Am CRO CTX CDz -
K9 ATM FEP PRL - Am CRO CTX CDz -
K10 ATM FEP PRL IPE Am CRO CTX CDZ CL
K11 ATM FEP PRL - Am CRO CTX CDZ CL
K12 ATM FEP PRL - Am CRO CTX CDz -
K13 ATM FEP PRL IPE Am CRO CTX CDz -
K14 ATM FEP PRL - Am CRO CTX CDZ -

In addition, the results showed various percentage of
reduction in biofilm formation K. pneumoniae isolates when
treated with different concentration of antibiotics and
rosemary essential oil (Fig 1).

When study the effect of MIC and 1/2 MIC of antibiotics and
rosemary essential oil that used alone and in combinations
found significant differences (P < 0.05) in biofilm reduction
percentage of all isolates in comparison to control. In strong
biofilm formation, the highest percentage of reduction was
observed when used combination of 1/2 MIC of gentamicin
and 1/2 MIC rosemary essential oil (50%) and 1/2 MIC
rosemary essential oil (51%) alone that biofilm formation
were reduced from 0.36 to 0.18 and 0.36 to 0.175. While
the highest percentage of reduction in moderate biofilm
formation was showed when used combination of MIC of
ciprofloxacin and 1/2 MIC rosemary essential oil (61%) that
biofilm formation was reduced from 0.3 to 0.11.

The 1/2 MIC noticed significant differences (P < 0.05) for all
antibiotics and essential oil in contrast with other
combinations as well as reduced the biofilm formation 0.2-
1.4 fold in contrast to MIC.

The type of antibiotics used in this study not demonstrated
any statistical significant in biofilm reduction percentage as
well as between moderate or strong biofilm producer
isolates.

DISCUSSION

Infections associated with biofilm formation are very difficult
to treat because the ability to resist antibiotic treatment due
to less penetration of drug inside the biofilm in the presence

of extracellular substance. The ability of biofilm formation in
this study agrees with previous study [15]. The high rate of
biofilm formation might be related to phenotypes and genes

involved in biofilm such as capsule, lipopolysaccharide
(LPS) and fimbriae [2]. According to disc diffusion method,
the all studied K. pneumoniae isolates resist to different
antibiotics and owing to the fact that multiple drug resistant
is increasing in worldwide, thus, there is a growing need for
other strategies for eradicating this pathogen and biofilm
formation.

Several classes of antibiotics were used for medication of
infections with K. pneumoniae such as cephalosporins and
trimethoprim-sulfamethoxazole that are used in treating
urinary tract infection (UTI) as well as carbapenems that
choice for treating severe infections caused by the
extended spectrum beta lactamase producing isolates [17],
aminoglycosides and fluoroquinolones were used widely for
limiting the growth of members of enterobacteriaceae family
[8]. However, antibiotics might kill the free floating bacteria
but fail to eradicate bacterial cells embedded in a biofilm.
The MIC values for different antibiotics used in this study
found to be effective when tested on planktonic bacteria but
give low percentage of biofilm reduction when tested on
biofilm formation because the minimal inhibitory concentr-
ation and minimal bactericidal concentration of antibiotics to
bacteria growing in biofim may be 100-1000 fold higher as
compared with planktonic bacteria [18]. Rosemary essential
oil showed antimicrobial activity against different microorg-
anisms especially multidrug resistant bacteria [19-21], in
our study we found that the effective and enhance the
activity of antibiotics against biofilm formation.
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Fig 1. Reduction percentage of K. pneumoniae biofilm formation by different antibiotics and rosemary essential oil.

The effect of sub-inhibitory concentration (1/2 MIC) of
antibiotics and rosemary essential oil on K. pneumoniae
isolated observed high percentage of biofilm reduction. In
previous studies, 1/10 MIC of gentamicin led to a reduction
(0.2-0.9 fold) in biofilm formation of half K. pneumoniae
isolates [22], Majta’n et al. [23] found that biofilm production
of Salmonella enteric serovar Typhimurium was
significantly lower after growth with 12 MIC of gentamicin.
Moreover, the presence of 1/8 MIC of Plectranthus
amboinicus essential oil caused an alteration of K.
pneumoniae morphology besides reduction of capsule
expression. When higher subinhibitory concentrations (1/4

and 1/2) of the essential oil were tested, almost no bacteria
could be visualized, but only cellular debris [24].
Cephalosporin at a concentration 1/10 MIC caused
morphological alterations, reduced in enterochelin and
capsular materials production in strain of K. pneumoniae
[9]. Alyasiri [25] was reported that the growth of K.
pneumoniae in the presence of sub-MICs of ciprofloxacine
reduced the viscous slime formation at 4 and 8 ug/ml and
remarkably increased the amount of exopolysaccharide at
low concentrations (2 pg/ml). The sub-inhibitory concent-
rations of antibiotics have been shown in vitro effect to alter
the ultrastructure and antigenicity of bacteria as well as

133 Warld J Exp Biosci, Val. 4, No. 2: 130-135.




Abdulhasan GA et al. (2016).

their adherence to epithelial cells [26], furthermore, the
subinhibitory concentrations of an essential oil can modify
the architecture of bacterial surface and may interfere with
some their functions [27].

This high resistance to antibiotics in biofilms back to
reduced drug penetration into the deep layer of biofilm due
to the presence of a physical barrier that is formed by the
extracellular polymeric substance like capsule [22, 23].
Thus, the combination of antibiotics with rosemary essential
oil could enhance the reduction of biofilm formation
especially when these combination contain 1/2 MIC of
antibiotic and/or 1/2 MIC of rosemary essential oil. This
may be belonged to the hydrophobicity of essential oil was
responsible for the disruption of bacterial structures that
leads to increased permeability and rosemary essential oil
was also able to inhibit quorum sensing [28]. From our
previous work found that rosemary essential oil had
antibacterial and antibiofilm activity against K. pneumoniae
as well as affected the type 1 fimbriae at gene level
probably by mutation during initial attachment of biofilm
formation [20].

The essential oils have strong synergistic effects when
combined with less effective antibiotics. Van Vuuren et al.
[29] showed the combination between rosemary essential
oil and ciprofloxacin had synergistic pattern against K.
pneumoniae and the antagonistic, synergistic and additive
interactions depending on the combined ratio. Combination
of clove and rosemary essential oil with anti-pseudomonal
drugs like ceftazidime, imipenem, aztreonam and ciprofi-
oxacin could enhance the activity of theses drug [30].

The essential oil of C. cyminum decreased biofilm formation
and enhanced the activity of the ciprofloxacin disk against
K. pneumoniae due to the ability of this E.O to suppress of
capsule expression and inhibit of urease activity of bacteria
in biofilm [31].

In our results, the low MIC of ciprofloxacin (0.25 pg/ml ) and
high percentage of biofilm reduction (61%) when used
combination of ciprofloxacin and rosemary essential oil
could be attributed to the ability of ciprofloxacin to penetrate
a biofilm due to not deactivate in the surface layers of the
biofilm where as penicillin deactivate faster than it could
diffuse in [32].

In spite of combination between antibiotics and rosemary
essential oil for reduction of biofilm formation, it was still not
eradicated. This due to resistance to antibiotics was not the
only factor for biofilm resistance, but also reduced growth
rate of the bacteria as well as changes in bacterial gene
expression in the biofilm mode of growth were contributed
to biofilm resistance [33].

Based on our findings, the rosemary essential oil showed
good results when combination with antibiotics used for
treatment of UTI and further studies of other subinhibitory
combinations, including in vivo studies are required to
assess the potential utility of these combinations to treat K.
pneumoniae infections that resistant to antibiotics.
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